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EPITHELIAL LINEAGE AND
TRANSFORMATION
Stanley R. Hamiltona
Division ofG0-Liver Pathology, Department ofPathology, The Johns Hopkins School of
Medicine, Baltimore, Maryland
Discussion of the lineage and trans-
formation of esophageal epithelium as
they relate to gastroesophageal reflux dis-
ease (GERD) requires consideration of
both the native squamous epithelium and
the acquired columnar epithelium of
Barrett's esophagus. The non-keratinizing
squamous epithelium has a proliferative
basal zone where cells undergo mitosis,
then migrate toward the luminal surface,
and differentiate in the prickle cell layer
where they flatten out as they reach the
luminal surface and accumulate glycogen
[1]. In response to injury induced by GER,
the squamous epithelium undergoes reac-
tive changes characterized by widening of
the basal zone with increased mitotic fig-
ures, increased numbers and length ofvas-
cularpapillae from the laminapropria, and
immaturity of the superficial cell layers,
including reduced glycogen content [2].
Chronic injury from gastroesophageal
reflux can also result in adaptive replace-
ment of the native squamous epithelium
by more resistant columnar epithelium,
termed columnarmetaplasia, for which the
eponym of "Barrett's esophagus" is usual-
ly applied [3-5]. Barrett's mucosa has a
wide variety of histopathologic appear-
ances due to heterogeneity of villous and
glandular architecture as well as epithelial
differentiation. Distinctive-type (special-
ized) Barrett's mucosa has incompletely
intestinalized columnar epithelium charac-
terized by goblet cells and absorptive cells
ofintestinal type interspersed with colum-
nar mucous cells of the gastric type.
Paneth cells are sometimes present. A gra-
dient of differentiation in individual
glands is usually event with cardiac-type
glands deep in the distinctive-type
Barrett's mucosa and intestinalized epithe-
lium in the upper glandular and villous
epithelium as it migrates upward from the
glands to reach the luminal surface. The
cardiac-type and fundal-type Barrett's
mucosae resemble the corresponding gas-
tric mucosae. Pancreatic acinar cell meta-
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plasia occurs in cardiac-type and distinc-
tive-type Barrett's mucosa of some
patients [6]. Abnormal differentiation is
also evidenced in cardiac-type mucosa by
the presence of intestinal-type mucin,
which can be characterized by histochem-
istry with periodic acid-Schiff/Alcian blue
pH 2.5 stains or mucicarmine stain, in
columnar mucous cells ofthe gastric type
in the absence ofmorphologic goblet cells
[7].
The term "transformation" can be
considered in two contexts related to
epithelial lineage: the adaptive replace-
ment of the squamous epithelium-lined
mucosa by columnar-lined mucosa and
the neoplastic transformation of the
esophageal epithelium. Transformation of
the native squamous epithelium into
Barrett's esophagus occurs due to altered
differentiation of totipotential progenitor
cells (stem cells), which are the "cell of
origin." The location of the totipotential
cells is controversial because use ofmark-
ers for differentiation (e.g., cytokeratins)
indicates differentiation rather than tissue
of origin [8-1 1]. Possible locations
include the proliferative zones of gastric
epithelium, esophageal cardiac glands,
esophageal submucosal glands, and the
native squamous epithelium. Squamous
epithelial islands, sometimes associated
with the ducts of esophageal submucosal
glands, are often present in Barrett's
mucosa, due to incomplete replacement of
native squamous epithelium or squamous
differentiation of totipotential cells.
Interactions between epithelium and stro-
ma, including lamina propda and muscu-
laris mucosae, play ill-defined roles which
are probably key to the morphology ofthe
Barrett's mucosa.
Neoplastic transformation of squa-
mous-lined mucosa into squamous carci-
noma is avanishingly rare complication of
GERD, although chronic injury to the
squamous epithelium in patients with
other forms of esophagitis does appear to
predispose to squamous carcinoma [12-
14]. Neoplastic transformation ofBarrett's
mucosa to adenocarcinoma is a very
important and increasingly frequent com-
plication of GERD [15-16]. Columnar
epithelial dysplasia, a neoplastic epithelial
proliferation, is the precursor to adenocar-
cinoma, which usually develops in a
sequence from columnar epithelial meta-
plasia-intestinal metaplasia-dysplasia-
adenocarcinoma. The morphologic fea-
tures of dysplasia include alterations in
architecture, epithelium, and cytology.
Investigations of the associated molecular
alterations are in progress [17, 18].
Critical questions about epithelial lin-
eage and transformation that remain to be
answered include the regulatory factors in
columnar metaplasia and intestinalization,
and the etiologic factors and genetic
events responsible for neoplasia.
Additional studies of luminal contents,
cellular mechanisms, and their interac-
tions with the native and columnar-lined
esophageal mucosae are needed.
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